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THk DESIGN AND INSTALLATION OF A CORE DISCHARGE MONITOR

FOR CANDU-TYPE REACTORS
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ABSTRACT

A new type of surveillance system that monitors neutron

and gamma radiation in a reactor conuunrncnt is being installed

at the Chmrio Hydro Darlington Nuclear Gcnesming Station A,

L’nit 2, Unlike video or ti[m surveillance that monitors

mechanical motion, this system measures fuel-specific radia-

tion emanating from imadiated fuel as it is pushed from the

;ore of CANDIJ-type reactot~. proof-of-principle measure-
ments have been carried out at Bruce Nuclear Generating Sta-

~on A, Unit ~. The system uscs (y,n) threshold detectors and

oni zation detectors, A microprocessor-based electronics
]ackage, GRAND-II (Gamma Ray And Neutron Detector

:Iectronics package), provides detector bias, preamplifier

)ower, and signal processing. Firmware in the GRAND-11

:ontrols the stsmcihncc activities, including data acquisition
utd a level of detector authentication, and it handles authcna-

:ated communication with a central data logging computer,

>ata ti’om the GRAND-II art! transferred to an MS-DOS. corn-
)atiblc ccmputer and stored. These data arc collected and rc-

/iewcd for fuel-spific radiation si~naturcs from the primary
Ietextor amf proper ratios of signals from secondary detectors,

NTJ?ODL’CTION

To fulfdl the International Atomic Energy Agency (IAEA)

afcguards criteria for CABJNJ reactors, an approach for safe.

p,mrding core fuel was nccdcd. 1 The size and structure of the
eactor ccmtaittsmnt,s at l~ge muhiplc. unit stathtts arc not well

ulted for safeguarding by classical surveillance systems,

?oposcd alternatives, using shcm.notice random inspections,

quircd operational human resources that were not itviiddble to

he L4F.A. 1 Additionally, such a safeguards approach is wry

musiw to the facility,

The results from prod-of-principle (POP) rncaaurcfncntaz
hewed that Be(y,n) or D(y,n) threshold detectors and
niclded and unshielti ionization chambers (ICS) can be used

oobserve fuel from th; time it i$ discharged from a CANDU

cacmr urttil it is trarasfencd to a temporaay qww-fdcl storage
rea. It was proposed that a combination o; these detectors

ould be used as a core discharge monitor (CDM) at 5AND11
ractors, Whereas the initial installation costs for such a

ystcm may IX slgnd’kxntly highw than for ihe snore classical

alternatives, it was projected that over a few years the savings
in operating costs will offset the higher up-front costs. Also,

there was no way to obtain the additional manpower for the
alternatives.

A decision was made to install such is CDM system at the
Ontario Hydro Darlington Nuclear Generating Station A, Um[

2 reactor. Two pairs of (y,n) threshold detectors and shielded

and unshielded ICS operating in the cument mode were spccl-
fid for the CDM. A modified version of the GRAND-I, [he

GRAND-II, would power the detectors and collect and store

their data, ‘Iltc GWND-11 indepcndcndy carries out the (2DM

function, but it relies on a central computer to periodically off-
load data firms its internal storage, This computer aho pro-

vides a focal pint for the varkus GRAND-lls that arc used

throughout the station. A sophisticated CANDU REVIEW
program was specified to enable the inspector to conveniendy

review up to 6S days of in+cction data in a very short time.

This system implementation has been spearheaded by a

four-person team. They have had the support of IAEA pcr-

scmncl, the facility, private contractors, and national laborato-
ries through state suppott programs, Work was also con.

tram-d to private firms in Austria, CanadL and the Umted

states.

THE DARLINGTON UNIT 2 CDM SYSTEM

The CDM system is designed to collect and save monitor-

ing data from the reactor vault that will allow the IAEA to cer-

tify facility compliance to safeguards agreements. llte system
should be msonably safe from tampering, and one should be

able to authenticate the stottd data ‘he system should be able
to operate though reasonable length power outa~es, h shot Id

be very reliable and any rtsaantenancc shotdd nor ~uim access

to the ttactor vault.

Tlw results from POP trwasurcmcnts2 wem obtained from

detectors and electronics temporarily mounted on a fueling

trolley that travels between all reactors and a central storage

area, IXtt!ctors so mounted west able to monitor fuel from the

time it was discharged from the reactor until it was transferred

m a spent-fuel storage am. In this facility, permanent tnstal

Iatlon of IAEA qulpmcnl on 8 fueling rnarhine ur tn)lley w;I.$



no[ allcwed. Hence rhe dcteclors were mounted on ‘he walls

of the reactor vcv close [o he geometrical plane of the cnd-

channcl caps. (h is the opinmrr of tie designm rha[ if such an

impkrnenwion is pssibk the best system design would make

use of detectors on the uolley and a very lirniud complement

of dctectom in each reactor vaLdL)

The request was to design a highly reliable system with a

XLyear mainmmnce-free lifetime. Tlw designers did no: want
to make such a commitment wirhou[ previous experience;
however, the elements of tie system that were 10 be included

in tie containment are highly reliable and no active electronic

componems arc inside the vault.

Hardware

The system has tic major parts:

● rhe mcmiloring subsystem,

● a central focus ccmrputer (CFC), and

. a data review system.

The monitoring subsys[em, which includes the detectors,

tie preamplifms and electronics unit, and the cables and reac.
[or containrmm penetrations ~essa.ry 10 connect the deteclas

[o the electronics, camics out tie CDM functions. The elec-

uonics unit, tie GRAND-II, provides bias to the detectom and

power for the preamplificm. The resident CDM fiiwarc

(sofrwam installed in nonvolatile memory) rakes and stores

r—–- 1

data from r-hedetectors, The fcamres of [he firmware arc dis-’ -
cussed later. The GRAND-II is connec[ed [o tie elecmc~l

mains, but it has built-in bauery capaciry for greater than 24-

hour stand-alone operation. 11 has a signlfic~n[ Jrnounr (It

bmtery backed up random-access memory for data s[or~ge.

A block diagram of rhe CDM data collection sys[cm wi[h-
OU[ the review compu[er is showri in Fig. 1, a sche~,lauc top

view of d-rereactor vault- The core fuel channels are accessed

on he lef[ and ngh[ faces of tie reac[or. Two CDM detector

enclosures are mountd on r-helower wall as shown In [he lig -

ure, Cables from the left derec[or enclosure go OUI of [he con-
m]nmen[ through the elcccrical penewation Idxled EP, The

two ionizanon chamber sigrd cables go dinwly to J GRAND-

11 hxued in a me~l tmx, D.ACM, which is under IAEA SCJI.

One of the two threshold de[w[or cables gcxs to a prea.mpllfier

witi an analog ourpu[. The cable from l-hisourpu[ goes to Lhe

GRAND-II in the left, or adjacent, DAC’M box. The o[her
threshold de[ec[or cable gcm [o a preamplifier wi[h is dlgltdl

outpu[, which goes back through [he peretrauon, along the
Inside wall [o a splice box, and [hen onto ~nd [hrough [he

pencLrar.ion adjacen[ to lhe righ[, or renme. GRAND-II, ~nd

tins.lly to tie GRAND-11 in tie remote DACM. The descri-

ptionof the righ[ detector enclosure and i[s signal lines is anJlo-

gous. To provide a level of redundancy, each GRAND-11 re-

ceives threshold detector signals from bmh reactor f~ces.

Pmmplifrers are pwered by the GRAND-II [hat receives irs

signals,

The figure also shows a link from r-heGR,4ND-IIs 10 [he

CFCS. The original concept was to have d computer th~t

llC-iEnM k!

H
/’
., //
/,
‘/

.

II



would connect M the GRAND-Us at the left faces of all the re-

actors. A stcond ;ornputcr would connect to all GWND-IIS

at the opp)site faces. Each would have a backup computer

that would take over if a fault developed in the primary com-

puter. In the Darlington Unit 2 installation, it was s~.mpler 10

provide a computer for each GW4ND-11. For this case, the

redundancy and number of cornpuwrs is equivalent to the pm

posed case, but the inspector mus[ f=us on four comPutc~
instead of two. The serial links arc isolated curtem Icmps that

can reliably tmnsfcr data at 19.2-k baud. The link may lx up

to 360 m long at Darlington. It has been tested to 210 m.

The original, and still recommended, configwaaon for the

monitor subsystem IS shown in Fig. 2. The figure shows dw

prca.mplificm mounted inside the elwronics enclosure. Bc-

causc the length of cable between the detectors and the

prcamplifkrs was limited to less then 3 m, and contlictcd with
where the electronics enclosures could be mounted, the

preamplifiers installed in unit 2 were not placed inside the cn-
(Iosure. This is not recomrncrdcd in general. A scaled enclo

sure should be installed to prevent access to the preamplifiers

and cable connections.

The detectors arc contained in rrum.1 boxes tha[ bolt to the
walls. The primary detectors (the ones thought to be hardest

to fool) arc the D(y,n) dcuctors. There arc two detectors of

this type. Each is made from a ptir of fission chambers. each
of which is placed inside a high-density, polyethylene-lined,

@ well that extends intos reaangular container d MO. ?lM
container has two isolated companmcnt& -h with two sepa-
rate compartments, Th :0 volume of the container is ap-

proximately 40 L, The container is surrounded by 5 cm of

highdcnsity plyethylcnc that has an %run cadmium shec[ ml

its ou[side surface.

There arc also two secondary detectors. Each is built from

a 57-cm-long by 1.6-cm-diam lC mounted in a closed

2. 12S-cm-diarn stainless-steel cylinder with 1.625-cm-thick
walls. The ion chambers arc filled witi xenon gas al 10 mm.

OnC of these :ylindcrs is also mounmd inside a 2.5-cm-thick
cylindrical lead shield, The latter is canal dw shielded IC, the

other the bare IC. The ICs share a single bias source and sit

on Iop of the polyethylene, which rests on the DIO container.

A sma.11.highly reliable double pde relay ins~c the metal

enclosure disconnects the ICs fmm the signal cable to allow

the leakage of the cables [o the GRAND-II to b measured.

The state of the relay is comrolled by the GRAND-II, and in

the absence of power, the contacts arc closed hence, if iailurc

does occur it should not affect the normal opcruuon of the
dctcctm.

Signal penetrations into the detector enclosure arc providul

by six radiation-hard type “N” bulkhead connectors. All neu-

tron signal and bias cables inside the detector enclosure arc

spccud radiation-hard RG.71 characteristic double-shielded

cables, The detector enclosure mounts to the wrll of the con-

tainment with four Lmlls. If replacement is necessary (an ex-
rremeiy unlikely possibilityy) six type N connectors must be

unscrewed and it~~ &lts and a fwility ground strap removed

to allow the dctccmr enclosure to be transpncd. A spare unit

installs just as easily,
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Because rhs was the first insdla~ion of its kind, it was

dcclded by tie IAEA 10 provide acldinonal redundancy by in-

strumenting the opposite wall of [he rcac[o: vault. If tie sys-

tem proves rchablc, tic cq.uprnen[ on the fw side may be ud

for otier reactors.

The basic firmware in the GR4SD-11 provides divers for

[he personality buds (see Appendix J used with the dew.ctors

and supports a powerful ex[ernal commumcarions and control

package. It a.fso suppwts USER programs tiat can lx wrinen
for soe-dic applicauorw and which make usc of tie dnvefi in

the basic firmware. A s~clal LSER function for the CD,M
was spcaf’e.d, which uwludes the following features:

● Collec~ filter, and store data from the detector%

● Identify the conditions mdwating umiiarcd fuel outside

Lhercwxor cm:

● Colfea ad sum insmmcm perfotmamx &u

● Transfer data (with retransmission capabilities) on

command from CFC;

● Senw prmble deuxmr urtpming;

● Authenmxttc detector cnclosum by “fmger@.n~”

● Wotk with CFC sof[ware to authenticate the

GRAND-lI=C link,

c Provide sleep-with-random-wake-up functioil to ex-

tend opermon r me during power our.ages.

The detector authcnticauon by ‘Tmecrpnnt” and the ran-

dom wake-up features have not yet been totally implemented.
lh.rdwarc exists, but firmware needs 10 be wrmcn. Its lmple-

mcnr.mon IS SIIII considered impcmam. In the mearrtrrrw, dc-

mctor audtcnucation can M camcd out off-line .Ismg a ~

gram mnen for the CFC compdtcrs. 71H5 program conuols

[he operation of the GRAND-II, receives datA. and stores II m

4 file. 7Te file IS then anaJyzcd using a Symphorty-basd rc-
VICW prognsrn. llm Implemenratlon IS not acceptable in Ltre

long Icnn ~ausc II rcquIrcs the presence of an mspcctor 10

IrrsIAll an elccwcmc key on tic GMIND-11. Without r.fm key,

[he GRAND-II wdl not respond to any command that WIH m-

tcrfcrc wl[h normal CDM acuwucs. When the key IS installed,

the clam’omcs enclosure must k resaid a an mspcax MUSI

rcrnam to prevent access to the comrnunlcauon mhcrmcauon

keys that rcsldc m rhc GRAND-II. After the fingerpnm has

hccn made, the clecuomcx cnclrrwrc must b resealed, When
fmgcqmnung IS lmplcmcnmd m the fmnwarc, the GRAND-II
will autrxnaucdly make the fmgcrpnm WIiodIcally or when a

pfm}lblc Iampcr if \cnsed. ln~pcctor presence and wid
tretiln~ WIII m)l IX required

SOFTWARE

The CFCS arc .MS-DOS-compatible AT-fypc pcr~~)n~l

computers. In tie onglnal spcclfica[mn, they In[crfacc by
scnal porm to up to four GRAXD-IIS. lnlually. they are

configured wi[h 40-Mbyte hard-disk drives for da~a worage

and removable Be.moulli drives for dala transfer. }Ilgher
capacity internal storage is required for multiple reactor
service. Depending on how redundancy li provded,

[echnlques such as disk mirroring mtiy be advl~iihlc.

Unlntcrruptlble power supplies (LPS’SJ wllh a CJPWIIY m

allow [he CFCS lo off-load all da~ from Ihe GRAXD-ll\ uc
provldecf for he CIZS. When used in con]uncmm wl[h higher
capacity UPS’S and an appropriate “watch dog,” the (.’}:C$ c~l

be shut down after all data have been transferred trom [he

GRANB-IIs unul tic GR4ND.11’s mcnmry is full. The Cl:C.~

arc Ihcn powered up again and the data are ot’f-lowied one

more nrne.

The following CFC software funuuons arc ]ncludcd:

9

●

●

9

9

.

COIIMINMIICMC WILh IIIU]IIPIC GRA%D-lh IO (J!fhldd

moruror performance data;

Work wi~h GRAND-II sof[wa.rc to authenucdte ~he

GRANDII-CFC link;

.Monitor status indicators from GRAND-IIs, report

anomalies in semi-real tirm, and log them m disk;

Provkle for and manage storing of rnoni[onng and per-
forma.ncc data on the hard disk;

Provide for the r.ransfcr of dala to rcmovahlc n. h;

M

Communicate wi[h a “watch-dog’ to automti[lcally
rcswt the CFC if it fuls, announce ano,nidle$, wtif

manage the UPS.

WC intended io prowdc for [he slmplc and gritphlcal on-

Imc view-mg of smrcd rrmmtcmng daa using he CFC rrxmll(w,

l{owcver, ~hls was not implemented baausc of Iirck of rc

wurccs 10 Wrltc the ~Jf[w~, Ilowcver, we %1111Mlcvc thal
[his is a worthwhile fea;urc,

Data are now rcwcwed at the end of the in$pcctmn paw!.
when an Inspcc[m uses [he program rurwmg ,n the (’FC m

copy the stored tits m a removable cartndgc to h [akcn tt~a
RKVIEW computer where the rcwtl[s of the fueling aCIIVIIIC\

are rcconcdcd wl[h the faclllty opera[w’s declarutmn m.V~~r

bundle counmr mfonnamm I Bundle cwmcrs wjunl [he wr~
dlutcd bundles discharged from the fucllng mathlnc$,

Although Ihc REVIEW program could rewde In the (1”(’, Ihli

wt)uld complicate pr(wdurcs and dl~k $mrage itnd w{mld

rcqulrc the m[cmupuon of the normal (~l~?d progrtim III [hc
( ‘}.(.’. ltlipc~[l)rs felt they did mjt wirn[ rcvlcw [!~lti III the

wn~ll and nwty cnvmmmcrr[ of the ( “1:(’ umlpuler rl~ml

I Icrnc II was dccdd that Ihc Rli Vll{W pn~grwn $hiAl rt”,dc



in an off-line computer so data could b reviewd in a scpamtc

room at the facdity, or a[ the IAEA regional office or

headquartefi. The data dump feature of [he CFC’S CDM

progtam was added to keep the inspector frnm having to

interface with more than one program, This reduces the

plobabiliry of not having the prop program nutting when tie

irqector leaves the facility.

The original s~iftcation was for the data to be :eviewed

using graphs of data from vtious detec[ors in the reactor con-
wnrncm ram. (Figure 3 shows data from the FOP measure-
mems ploued by a prerelease version of the CDM REVIEW
software. ) Up to four graphs can be displayed simulmne-

ously. Initially, it was though[ that dau for up to four reactors

would be held in the data base; however, because of the ve~

large amount of data the import time to the data base can be

very long if more than a single reactor’s dau is in the data

base. P.oughly 10 (MO data points can be displayed on a
graph at one time. To increase the readability of the data the

display can be expanded about the cursor. Evt 1[s of in[erest
on the display can be taggal with the associated time using art

inmactivr cuncw ad a keystroke. In add.inon or alternatively,

tie number of events sdsocan be cound and entered per day.

Hard copies of the events-of-intewsc file and the data are ob
minable. T& user interface is menu tiven and conforms to

the iAJZA spec~lcation. A parameter table for default values is

provided and is accessible from a menu.

The CANDU REVIEW program builds on and signifi-
cantly enhances work originally done by Los A!amos for

IAEA Safeguards al the Plutonium Fuel l%cxluction Facility in

Japan.4 The capabilities and specifics oi [he C.ANDU RE-
VIEW pmgrarn will k the subject of a subsc.quem paper. ~

A utility program was wtitren for the CFC that allows for
remote control of the GWND-IIS from the keyboard and

monitor at tile CFC. This allows remote diagnostics to lx run
(tie electronic key must tu insmlld). The comrnlmications
program, CARBON COPY, has been used to communicate

ktween la Alamos and a Darlington IAEA compIJkr }{ence

in the evcm of a malfunction in a GRAND-l!, a specialist can

link to the CFC conumlh.ng that GRAND-II and attempt to di-
agnow! the problem. Obviously, such communication must be

authorized by h[h the IAEA and facility operators. During
norrd OpCmtion the phone lines are not Connectd 10 the com-

puters.

IMPLEMENTATION

T’he original time schedule called for designing and in-
stalling the system in less than 1 year. The time pressure dic-

tatwl some compromises and short cuts. It was felt hat the
only way to met tha schddc was to have tie IAEA & much

of tie work i~lf.

●For information, contact Shirley IUosterbuer, Los Alamos
Natirmal Mxxatory, MS E540, Los Akmos, NM 87545.
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,,- U~UIS UI UK II IIpICmCImUmn or u’ussystem could hl.1 a

paper only an outline will be gwcn here. The implementation

uarn frocn the W consismd manly of four people: a liaison

between the IA. EA. the facdiry. and the Canadian safeguards

support program (CSSP); a ccwrdinator, expcditor, and sys-

tems engineer a physicistidesigner, and an electical mchni-
cian. These people enjoyed Lhe support of tie IAEA Safe-

guards Section for Instrument and Field Support, the Section
for Instswmenr and Equipment Provision and Management
[SGDID), consultants to the CanadiaIS Atomic Energy Contmd
Board (SGDIM), physics and software consultants, fumware

and software developers and electrical and mechanical fabtica-
[ors from the Ims Ahrnos %auonal Laboratory (through the

Units! States suppm program), and private design and fabri-

cauon Finns. The mix of expm.isc was gti; however, more

woplc should have &en assigned.

We developed a conceptual design for the overall system

and wrote a first draft of a functional specification. (The func-
tional specification was conunually revisal dting early devel-

opment. ) We specified and ordered ionization and fission

chambers. The mech?.,lical design of the detectors and

assemblies was developed in Vienna. Digital and analog

preamplifiers were designed (specifically for this application)
and built in Vienna. From the exprience of the POP, modifi-
cations to the GRAND- I harrtware and fmnware were speci-

fied. Some hardware modifications were included in the

GRAND-II by the manufacturer, others were implemented by

the L+EA staff. Los Alarms trmlificd the GRANDI f~ware

ad impicrtmtaf & IAEA’s spaifications in the special CDM
USER function. Special splice boxes were designed and built
by the IAEA to join cables without using connectors. ‘I%ese

boxes should be more reliable than connectors and saved the

cost of radiation-hard connemms. which also had a very long

delivery time, The detrctor and GFL%ND enclosures and parts
were kilt by a private fm. Detec[ors, except for he ICS and

f)@, were placed inside the enclosures and checked at Los

Alamos by tAEA and Los Ahmos personnel, The preampli-

fiers were tested and djustd by Los Alatnuc txfcwc the anivaf
of the W. b -s uchnicians helped in the -hanical
assembly and modification of the detector enci~sures. Build-

ing the junction Imxes and assembling the equipment were ac-
tually developmental activities, and access to ftilities and staff

such as those in IAM Alamos was esscnti~ to the tinseIy cons.
pletio:l of the work, When everything had ken tested and

assembled it wiM shipped to the DarlingIon facility.

In parallel with this work, the penetration rnatules were

spcztfied and purchased by the IAEA through the facility.

They wm installed befcxc h dctcctm enclosures arrived.

Facility personnel filled the D@ containem when the de-
teclor enclosures anived w the facdity, The lCs were mscnl-

bled and installed. We prepared drafts of assembly and test
procedures and develo~d c. :, cd and analysis software as

work progressed. The detector ~wenlblics were tested as they

were completed. Initially things went well, but high-humidity

conditions in the assembly area &fore all dte ICS couid be

waled created pmblcms. !$olutmns reqwcxf much more work

on tie part of lAEA staff than was anticipated. A Canadian .

consultant helped modify the preamplifier capaciuxs to harden ,

them against humidity and microphonics. llw electrical leak-
age problem with the ICS was solved after a return 10 Lcis

Alanms to study k problem and to consult with the manufact-

urer. A problem with small metal flakes from the threads of

tie fission chambers and high humidity was solved by disass-

embling the fissicm chambers and cleaning and drying the ce-

ramic insulators. ~e diagnosis of the problem [cmk valuable

time and required telephone consultations with the supplier.

The detector enclosures were finaJly satisfactorily [ested and

installed on ‘he walls of she containment. Facility prsonnel

installed the cabling and cable connectors after training by he

lAEA wchnician. some of the as=mbly required unique tech-

niques not encountered outside specialized laboratories.

Hence the installation took significantly longer than antici-

pated. and sometimes had to be redone. It should be noted
however, that the cocqxration extended by the facility was al-
ways very goal. All cabling was tested jointly by faci!i;y and

IAEA personnel according to procedures developed and doc-

umented in draft form. System testing revealal an elecuonic
noise sensitivity in tie monitor subsection. Isolation trrms-

formcrs on the power lines to the GRAND-IIs solved the

problem. Noise is still detectable, but it is significantly below

the signals seen during refueling. Except for times when the

GRAND US have been deliberately shut down, they have been

running continuously since Novembr 1988, Interim wftware
was written to test the GRAND-[Is, to temporarily perform

!imitd CFC CDM function$ and off-line data review. Figure

4 shows radiation signatures recorded by the CDM system

during reaetorS-P. The daLS were plctted using an interim

review program implemented using Symphony’s macropto

gramtning language. Changes in reactor operation from O. I %
m 0,6% of full power arc clearly idenrif~ble.

Since early 1989, even though she rcmor has na tuen op-

cradng most of the time, 4X5 have been collected and reviewed

to determine the @mnarsce of the system. Minor problems
have tucn found stnd repaid on @ “contiuous feaiback”
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ba3is. That is, the resident liaison reports problems to Lam

Alamos, and Los Alamos responds informally as time and

funding permit. Vienna is kept informed of intcmctiom and

progress. This has proven to be effective and efficient l=causc
formal overhead is eliminated and k rime ftame in which

problems must lx solved is flexible bccausc time is available
because the system does not have 10 be operated for safe-
guards until after the reactor has operated for 1W full-power

days.

A plan for chcsking dIe system during commissioning has

been developed witi the goals of cmifying that the system is
working as designed and chatit is sufficicrw In addition, data
wdl & -alymd to find if a more optimal detector configura-

tion ciul x s~iticd. The commissioning wiU Im done when

routine fueling commences. A limited prccomrnissioning usc
has also been xhcdulcd.

The anaiysis and usc of tie large amount of performance

rnonitcmng and preventative maintenance data that this system
is pmrviding has noI yet lxcn addressed. The spccflcadon and
dcveloprrmtt of a PERFORMANCE REVIEW program would

be a reasonable next step. Such a program patterned after the
DATA REVIEW program, which relies on a daLSbase to hM-

dle data, could track critical operational parameters and help

predict maintenance rcqui.rcrncnfi. The only routine mainte-
nance anticipated is yearly or biyearly rcplaccmcru of the

GRAND-U bsttcrics, other maintenance should b predicted

ffom the pcrfomance monitting results. We A not rccom-

mcrtd that maintenance b performed by inspectors. As with

other sqhisticamd safeguards cquipnnt, proper maintenance

and care should be the responsibility of professionals spccifi-
Cdy USild it th USC Of th tcchtmlogy,

Existing technology was adapted for this projcc~ and ●

signiflcam amount was purchased from private indushy. The

equipment fm tktc wad Dadingto,l rcactcx will & purchaacd

entirely front private industry. The IAEA will supewisc its

ccrdflcation ad inwallatiotl. This project will undoubtedly
serve as a foundadon fcx more pmjccts of its type.
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APPENDIX

A BRIEF ELECTRICAL DESCRIPTION
OF THE GRAND-II AS CONFIGURED

FOR THE CDM

The GR4ND-11 electronics p=kage’ is 33- by 38- by

12-cm and weighs 9.3 kg (WC Fig. A-I). Its battcnes allow it
to opcmtc f- more rhart 24 hours in the abacncc of sc power.

●Available from D. S. Davids& Co., 19 Bcmhard Rd., North
Haven, Connecticut, Phone: (203) 288-7324.

Fig, A-1. The GRANDJI puchne.



For normal opcmtion. it has a 4-line by 20-character liquid-

crystal dispky aad 2 I pushbutton keys. It has two serial

pxts. We use the one implemented for RS-232, RS-422, or

an iscdateclcutmu loop. The port is usd to communicate witi

the CFC. It also has an uncommitted and unbuffered lbbit

bidirectional parallel interface with four handshake lines. In
r-hisapplication, an electmrtic key is used m permit the serial

port access to programmed functions odwr hut CDM func-

tions. h has a main ekctrom~s brd with processor, battery-
backed-up memory, =rial and parallel interfaces, and an ex-

pansion bus that allows wxmality boards to be connected and

controlkl by software.

For the CDM systems, two personality boards were used.

One is an IC bard witil two channels of current-mode input.

The dynamic range of these channels is roughly from 3 x 1014
to 8.6 x i(ls A. The firmware automatically selects the opti-

mal gain fmm 12 different choices, each of which differs by a
factor of 4 from its neighbors. The dual [C personality board
provides a bias that ranges from -50 to -5(XI V al a single

output. It is set manually but is read by the microprocessor
with 12-bit resolution. The standard bard was modifkl for

CDM use to provide a 12-V diwonnect signal for the day

inside the detecior enclosure. This relay diwonnects the ion

chamber tim the signal line. This allows leakage currents
from the cabling and connectom to be rmasti and provides
a diagnostic to assute thata signal is caning fmm the detector
and not from a cabling anomaly,

A tripie netmmt counter penonality bard is ah used. It

has three independent pulse-counting channels; each may be

conuollal by one of two indepdent prmessor-selectable ame

bases. Each channel has a counting capacity of 232 counts.

There are many possible input configurations for this board,
For the CDM application, the firw counting channel is con-

nected to the output of a lower-level ditiminatcw that Icuks at
the output of an on-bard analog amplifier cmmctcd to the
external analog output preamplifier connected to one pair of

fission chambers. The secondchannel is connoctcd to a win-
dow d.iScrMnator that monitors tie same on-boatd amplifier

.

outpu:. The fmt channel is used to count neutrons ti-om rhe “

detector the discriminator is set at the cutoff of the fission “

chamber’s alpha signal. The window of tie second channel is

set into the alpha signal to provide a continuous signal for

tarrqxr sensing. The third channel connects to the digital out-

put of the external digital output preamplifier connected to Lhe

detector enclosure, which views the other reactor face. All
diwxhninator kvels am conttded through the firmware. This
personality bard also provides a manually scttable single bias
output ranging from 50 to 3CUM3V. Its value is also red by

the processor with 12-bit resolution. All voltages including

preamplifier output voltages can also be read with 12-biI rese
Iution. The processor can also inject 1-MHz pulses into each

of the channels for diagnostic putpscs.
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